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(57) The recording section 114 records a highly re- 
liable amount of correction for phase rotation, which Is 
obtained in advance by a sufficient number of samples 
before commencement of communications. The meas- 
urement section 1 1 2 measures the amount of phase ro- 



tation of the known signals, and the comparison section 
113 compares the measured amount of phase rotation 
with the amount of correction and renews the amount of 
correction from time to time during communications on 
the basis of the results of the comparison. 
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Description 

Technical Field 

[0001] The present Invention relates to an array an- 
tenna radio communication apparatus and a calibration 
method. 

Background Art 

[0OO2J An array antenna radio communication appa- 
ratus Is a radio communication apparatus that Is provid- 
ed with a plurality of antennas and enables free setting 
of directivities by adjusting an amplitude and a phase of 
respective signals that are received by the respective 
antennas. The adjustment of the amplitude and the 
phase with respect to the received signals Is carried out 
by multiplying the received signals by a complex coeffi- 
cient (hereinafter, the complex coefficient is called a 
"weight'). 

[0003] The array antenna radio communication appa- 
ratus is capable of Intensively receiving signals arriving 
from a desired direction by adjusting the weight to be 
multiplied. This means that the apparatus has a "receiv- 
ing directivity". The array antenna radio communication 
apparatus Is ableto highly maintain a receiving SIR (Sig- 
nal to Interference Ratio) of signals arriving from respec- 
tive directions by having the receiving directivity. 
[0004] However, In the array antenna radio communi- 
cation apparatus, the characteristics of the radio receiv- 
ing circuits, by which the frequencies of the respective 
signals received through a plurality of antennas are 
down-converted to base band, are different from each 
other, depending on unevenness in the characteristics 
of analog elements such as an amplifier, etc. Therefore, . 
there may be a case where a directivity Is formed that 
is different from a directivity that is expected to be ob- 
tained by multiplying by a weight due to the fact that re- 
ceived signals are provided with different unknown am- 
plitude fluctuations and phase rotations. 
[0005] In order to prevent such situations from occur- 
ring, it Is necessary to adjust the characteristics that the 
radio receiving circuits have, so as to be made the same. 
However, it is remarkably difficult to accurately adjust 
the characteristics of analog elements such as an am- 
plifier, etc., time-constantly. Accordingly, such a method 
is employed, in which the characteristics held by the ra- 
dio receiving circuits each are measured and recorded 
in a memory without adjusting the characteristics of the 
radio receiving circuits, and a weight to be used for mul- 
tiplication Is decided by taking It Into consideration that 
the amplitude and phase of the received signals are 
changed by errors In characteristics. Such a method is 
called "Calibration". 

[0006] There are two types of calibration, one (1) of 
which is that errors in characteristics of radio receiving 
circuits are measured in advance by a calibration signal 
being a known signal before commencement of commu- 



nications, the results of the measurement are stored In 
advance In a correction table as characteristic errors to 
be corrected during communications, and receiving 
processing is carried out so that errors in characteristics 
5 of the radio receiving circuits are counterbalanced by 
using the permanent correction table during communi- 
cations, while (2) of which is that, in order to cope with 
chronological changes In the characteristics of radio re- 
ceiving circuits, errors In characteristics of the radio re- 
10 celving circuits are measured from time to time by cali- 
bration signals during communications, the results of 
the measurement are stored from time to time In a cor- 
rection table as characteristic errors to be corrected, and 
receiving processing is carried out so that errors In char- 
ts acterlstlcs of the radio receiving circuits are counterbal- 
anced by using the adaptive correction table. 
[0007] However, the following problems exist in the 
conventional array antenna radio communication appa- 
ratus and calibration method. 

[0008] That Is, 1 ) In a method In which calibration Is 
performed before commencement of communications, 
since receiving processing is carried out by using a per- 
manent correction table during communications , the 
method cannot cope with an amount of phase rotation 
that changes with the elapse of time and heating of the 
radio receiving circuits. Therefore, reliability In the re- 
sults of calibration deteriorates with the elapse of time, 
thereby deteriorating the performance of the array an- 
tenna radio communication apparatus. 
[0009] On the contrary, 2) In a method in which cali- 
bration is carried out during communications, since It is 
not possible to obtain reliable results of calibration un- 
less there are many samples concerning the results of 
the measurement, it is necessary to transmit calibration 
signals a sufficient number of times during communica- 
tions. But, the greater the number of times of transmis- 
sion of calibration signals Is made, the worse the receiv- 
ing quality of communication signals becomes because 
the calibration signals Interfere with the communication 
signals. Also, since there is a limitation In the amount of 
transmissions In which the calibration signals and com- 
munication signals are combined, the greater the 
number of times of transmission of calibration signals is 
made, the greater the amount of transmission of com- 
munication signals is reduced, whereby the transmis- 
sion efficiency of user data Is lowered. Further, since a 
sufficient number of samples corresponding to the re- 
spective receiving power values are not obtainable If 
there are a few samples in the results of the measure- 
ment, a case occurs where the reliability in the results 
of the calibration is lowered In the case where the re- 
ceiving power value of the communication signals 
changes with the elapse of time. Accordingly, the per- 
formance of the array antenna radio communication ap- 
paratus may deteriorate. 
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Disclosure of Invention 

[0010] It Is therefore an object of the Invention to pro- 
vide an array antenna radio communication apparatus 
and a calibration method, by which calibration can be s 
accurately carried out while suppressing Interference 
with communications. 

[0011] The Inventors of the present Invention found 
out that the reliability In calibration can be prevented 
from being lowered with the elapse of time while sup- 10 
pressing Interference with communications, by using 
both calibration that is performed before commence- 
ment of communications and calibration that is per- 
formed after commencement of communications while 
making the functions of the calibrations different from is 
each other, and arrived at the present Invention. 
[0012] Therefore, in order to achieve the above-de- 
scribed object, the present Invention utilizes calibration 
that is performed before the commencement of commu- 
nications, In order to obtain In advance the amount of 20 
correction having high reliability on the basis of a suffi- 
cient number of samples before the commencement of 
communications, and utilizes calibration that Is per- 
formed after the commencement of communications, in 
order to maintain reliability In the amount of correction 25 
by adjusting the amount of correction on the basis of a 
small number of samples during communications. 

Brief Description of Drawings 

30 

[0013] 

FIG. 1 Is a block diagram showing a configuration 
of a communication system using an array antenna 
radio communication apparatus according to one 3s 
embodiment of the Invention; 
FIG. 2 is a flow chart explaining the operations of 
an array antenna radio communication apparatus 
according to the embodiment of the Invention; 
FIG. 3A is a view showing the contents of a correc- *o 
tlon table with which an array antenna radio com- 
munication apparatus according to the embodiment 
of the invention is provided; 
FIG. 3B is a view showing the contents of a correc- 
tion table with which an array antenna radio com- 45 
municatlon apparatus according to the embodiment 
of the invention Is provided; 
FIG. 3C is a view showing the contents of a correc- 
tion table with which an array antenna radio com- 
munication apparatus according to the embodiment so 
of the invention Is provided; 
FIG. 4 is an exemplary view showing a state where 
an array antenna radio communication apparatus 
according to the embodiment of the Invention re- 
ceived signals and CAL signals are multiplexed; 55 
FIG. 5 is an exemplary view showing a state where 
an array antenna radio communication apparatus 
according to the embodiment of the invention re- 



ceived signals and CAL signals are multiplexed; 
and 

FIG. 6 Is a block diagram showing a configuration 
of a communication system using an array antenna 
radio communication apparatus according to the 
embodiment of the Invention. 

Best Mode for Carrying Out the Invention 

[0014] Hereinafter, a detailed description is given of 
an embodiment of the Invention with reference to the 
accompanying drawings. 

[0015] FIG. 1 is a block diagram showing a configu- 
ration of a communication system using an array anten- 
na radio communication apparatus according to one 
embodiment of the Invention. This block diagram shows 
a state where a base station 101 having an array anten- 
na radio communication apparatus according to this em- 
bodiment makes communications with a mobile station 
115. 

[0016] The mobile station 1 15 transmits radio signals 
to the base station 101. 

[0017] In the base station 101, a calibration signal 
(hereinafter called a "CAL signal") generating section 
102 generates a CAL signal. A CAL signal spreading 
section 1 03 provides spreading processing to the CAL 
signal. An attenuator 104 controls the power of the CAL 
signal. 

[0018] Adders 107 and 108 multiplex signals from the 
mobile station 1 1 5, which are received via antennas 1 05 
and 106, and CAL signals. An AGC (Auto Gain Control) 
section 1 09 outputs the power of the signals while mak- 
ing It constant. A demodulator 110 performs predeter- 
mined demodulation processing on signals. A CAL sig- 
nal despreading section 111 provides despreadlng 
processing to the signals and picks up CAL signals. A 
measurement section 112 measures the amount of 
phase rotation of the CAL signals. A comparison section 
113 compares the amount of phase rotation measured 
by the measurement section 112 with the contents of 
the correction table stored in a recording section 114, 
and renews the correction table. The correction table 
that is prepared on the basis of the results of measure- 
ment made by the base station 1 01 before commence- 
ment of communications is stored in the recording sec- 
tion 114 as Its initial state, and the correction table Is 
renewed from time to time during the communications 
of the base station 1 01 in compliance with the results of 
comparison made by the comparison section 113. 
[0019] In addition, although, in the base station, a plu- 
rality of systems (equivalent to the number of mobile sta- 
tions) consisting of components from the demodulating 
section 1 1 0 to the recording section 1 1 4 are usually pro- 
vided In order to demodulate the received signals from 
a plurality of mobile stations, in this embodiment, a de- 
scription is given of only one system for the convenience 
of description. 

[0020] Next, a description Is given of the operations 
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of an array antenna radio communication apparatus 
having the above-described configuration with refer- 
ence to FIG. 2 through FIG. 4. FIG. 2 Is a flow chart 
explaining the operations of an array antenna radio 
communication apparatus according to the embodiment 
of the Invention. FIG. 3A through FIG. 3C are views 
showing the contents of a correction table, with which 
an array antenna radio communication apparatus ac- 
cording to the embodiment of the invention Is provided. 
FIG. 4 is an exemplary view showing a state where an 
array antenna radio communication apparatus accord- 
ing to the embodiment of the invention received signals 
andCAL signals are multiplexed. Also, as shown in FIG. 
3A through FIG.3C, graphs showing the relationship be- 
tween the power value and the correction value of phase 
rotation are used herein as a correction table. 
[0021 J In FIG. 2, In Step (hereinafter called "ST") 201 , 
the base station 1 01 measures the amount of phase ro- 
tation corresponding to the power value before com- 
mencement of communications while changing the 
power value of CAL signals, and stores the results of 
the measurement in the correction table. 
[0022] Specifically, the CAL signals that are generat- 
ed by the CAL signal generating section 102 are sub- 
jected to spreading processing by the CAL signal 
spreading section 1 03, and the attenuator 1 04 gradually 
varies the power value. After that, the AGC section 1 09 
turns the power value of the CAL signals Into predeter- 
mined constant values and outputs the CAL signals to 
the demodulating section 1 1 0. At this time, the AGC sec- 
tion 109 outputs values indicating the amount of the 
change In the power value to the measurement section 
112 and recording section 114. 

[0023] The CAL signals that are demodulated by the 
demodulation section 110 are despread by the CAL sig- 
nal despreadlng section 111 . Then, the CAL signals are 
outputted to the measurement section 112. The meas- 
urement section 1 1 2 measures the amount of phase ro- 
tation of the CAL signals after returning the CAL signals 
to the original power values In compliance with the val- 
ues Indicating the amount of the changes in the power 
values that are outputted from the AGC section 109. 
Since the CAL signals are the known signals, the meas- 
urement section 1 1 2 measures the amount of phase ro- 
tation by comparing the despread CAL signals with the 
known signals. The measured amount of phase rotation 
is outputted to the recording section 114. 
[0024] The recording section 114 gradually plots the 
amount of phase rotation (correction phase angle) with 
respect to the respective power values, as shown in FIG. 
3A, In compliance with the values Indicating the amount 
of the changes of the power values that are outputted 
from the AGC section 109. 

[0025] By repeating the above-described operations, 
a correction table 301 having high reliability as shown 
in FIG. 3A Is stored in advance in the recording section 
114 on the basis of a sufficient number of samples be- 
fore commencement of communications. 



[0026] Next, In ST202. after communications are 
commenced, the base station 101 carries out processes 
shown In ST202 through ST207 during communica- 
tions, and the correction table is renewed from time to 
5 time. After communications are commenced, the base 
station 101 operates as shown below. Also, in the fol- 
lowing description, a detailed description is omitted in 
connection with parts that becomes similar to those be- 
fore commencement of communications. 
10 [0027] In the base station 1 01 , CAL signals that are 
outputted from the attenuator 104 and received signals 
from a mobile station 115 are multiplexed by the adders 
1 07 and 1 08 as shown in FIG. 4. The multiplexed signals 
are made into predetermined constant values by the 
f £ AGC section 1 09 and demodulated by the demodulation 
section 110. The demodulated signals are despread by 
the CAL signal despreadlng section 111, wherein the 
CAL signals are picked up. 

[0028] Next, the processes shown in ST203 through 
ST207 are repeated. First, In ST203, the measurement 
section 112 measures the amount of phase rotation of 
the CAL signals . In detail, the measurement section 112 
measures the amount of phase rotation of the CAL sig- 
nals after returning the CAL signals to the original power 
value (the received signal power shown in FIG. 4) in 
compliance with the values Indicating the amount of the 
changes in the power values that are outputted from the 
AGC section 1 09, and outputs the results of the meas- 
urement to the comparison section 113. 
[0029] Next, In ST204, the comparison section 113 
compares the amount of phase rotation that was meas- 
ured by the measurement section 112 with the values In 
the correction table, which are stored in the recording 
section 114, once every predetermined duration of time, 
specifically, as shown In FIG. 3B f the comparison sec- 
tion 113 compares the results 302 of the measurement 
during communications with the contents of the correc- 
tion table 301 with respect to the respective power val- 
ues. 

[0030] Next, In ST205, In a case where the results 302 
of the measurement during communications are differ- 
ent from the contents of the correction table 301, the 
comparison section 1 1 3 measures an error between the 
results 302 of the measurement during communications 
and the contents of the correction table 301 in ST208. 
And the comparison section 113 renews the correction 
table 301 , which Is stored in the recording section 114, 
to a correction table 303 as shown in FIG. 3C, so as to 
minimize the square of the measured error. Then, the 
base station 101 corrects the phase rotation with re- 
spect to the received signals by using the correction ta- 
ble that Is renewed from time to time. 
[0031] Herein, as can be seen from FIG. 3A through 
FIG. 3C, the correction table 301 having high reliability, 
which has been obtained in advance on the basis of a 
sufficient number of samples before commencement of 
communications, Is renewed to a correction table 303 
from time to time by the results 302 of the measure- 
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ments during communications. Therefore, the reliability 
In the correction table can be maintained to be high, 
whereby It is possible to prevent the performance of an 
array antenna radio communication apparatus from de- 
teriorating due to a lowering in the reliability In the results s 
of the calibration with the elapse of time. 
[0032] Since a highly reliable correction table 301 is 
obtained in advance based on a sufficient number of 
samples before commencement of communications, it 
is possible to obtain the results 302 of the measure- 10 
ments during communications by a small number of 
samples sufficient to maintain the reliability. Therefore, 
in comparison with the conventional method of carrying 
out calibration only during communications, a very small 
number of samples are adequate during the communl- is 
cations. Therefore, since the number of times of gener- 
ation of CAL signals that will cause Interference with the 
communication signals can be remarkably reduced, it Is 
possible to prevent the receiving quality of communica- 
tion signals from deteriorating. 20 
[0033] Thus, calibration that Is carried out before com- 
mencement of communications In orderto obtain a high- 
ly reliable amount of corrections, and calibration that is 
carried out after the commencement of communications 
in order to maintain the reliability in the amount of cor- 25 
rectlons are utilized. That Is, calibration that Is per- 
formed before commencement of communications and 
calibration that Is performed after the commencement 
of communications are performed together while mak- 
ing their roles different from each other, whereby it Is 30 
possible to prevent the reliability in the calibration from 
being lowered with the elapse of time while suppressing 
Interference with communications. 
[0034] On the other hand, In ST205, in the case where 
the results 302 of the measurement during communica- 35 
tlons are coincident with the contents of the correction 
table 301 , the process returns to ST203, wherein the 
processes from ST203 through ST205 are repeated. 
[0035] In the above-described embodiment, it is pos- 
sible to multiplex the GAL signals on the signals from 40 
the mobile station 11 5 by time division as shown In FIG. 
5. In this case, the configuration of the base station 1 01 
becomes as shown In FIG. 6. Also, in FIG. 6, parts that 
are identical to those in FIG. 1 are given the same ref- 
erence numbers, and an overlapping description thereof « 
Is omitted. In FIG. 6, a CAL signal time division multi- 
plexing section 601 multiplexes CAL signals at a load- 
free (empty) time with respect to signals from the mobile 
station 11 5. A CAL signal detection section 602 picks up 
CAL signals from the demodulated signals and outputs so 
the CAL signals to the measurement section 112. 
[0036] Also, In this embodiment, the description was 
given of the method for renewing the correction table 
using the least-squares method. However, the method 
for renewing the correction table is not limited to this 55 
method. The correction table may be renewed by using 
other adaptive algorithms. 

[0037] Thus, according to the array antenna radio 



communication apparatus and the calibration method of 
this embodiment, highly reliable contents of correction, 
which have been obtained In advance by a sufficient 
number of samples before commencement of commu- 
nications, are corrected from time to time by a small 
number of samples during the communications In order 
to maintain the reliability thereof. Therefore, in contrast 
to the conventional case where, if an attempt is made 
to accurately carry out calibration, the Interference with 
communications will be Increased, while if an attempt Is 
made to reduce the Interference with communications, 
the accuracy of the calibration will be decreased, ac- 
cording to the array antenna radio communication ap- 
paratus and the calibration method of this embodiment, 
since it Is possible to carry out calibration with high ac- 
curacy while suppressing the interference with commu- 
nications, it is possible to suppress the interference with 
communications andto achieve the calibration with high 
accuracy. 

[0038] As described above, according to the Inven- 
tion, calibration can be accurately carried out while sup- 
pressing Interference with communications. 
[0039] This application Is based on the Japanese Pat- 
ent Application No. 2000-004554 filed on January 13, 
2000, entire content of which is expressly incorporated 
by reference herein. 

INDUSTRIAL APPLICABILITY 

[0040] The present invention Is applicable to a base 
station apparatus that is used for a mobile communica- 
tion system. Where applied, It is possible to carry out 
calibration with high accuracy with respect to signals 
that are received from mobile stations while suppressing 
Interference with communications with mobile stations. 



Claims 

1. An array antenna radio communication apparatus 
comprising: 

an array antenna composed of a plurality of an- 
tenna elements; 

a radio receiver for carrying out predetermined 
radio receiving processing to a received signal 
that Is received by each antenna element; 
an amount-of -correction calculator for calculat- 
ing an amount of correction with respect to 
phase rotation caused by said radio receiver 
using a known signal before commencement of 
communications; 

an errorcalculator for obtaining, during commu- 
nications, an error between the amount of cor- 
rection and an amount of phase rotation caused 
by said radio receiver, which is obtained by us- 
ing the known signal included In the received 
signal; 
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a renewer for obtaining a new amount of cor- 
rection based on the error and renewing the 
amount of correction with the new amount of 
correction. 

2. The array antenna radio communication apparatus 
according to ciaim 1 , further comprising 

a controller for controlling the frequency of gen- 
erating the known signal, wherein 
said controller makes the frequency of genera- 
tion during communications lower than the fre- 
quency of generation before commencement of 
communications. 

3. The array antenna radio communication apparatus 
according to claim 1 , wherein 

said renewer obtains the new amount of cor- 
rection so as to minimize the square of the error 

4. A base station apparatus having an array antenna 
radio communication apparatus, said array antenna 
radio communication apparatus comprising: 

an array antenna composed of a plurality of an- 
tenna elements; 

a radio receiver for carrying out predetermined 
radio receiving processing to a received signal 
that Is received by each antenna element; 
an amount-of-correctlon calculator for calculat- 
ing an amount of correction with respect to 
phase rotation caused by said radio receiver 
using a known signal before commencement of 
communications; 

an error calculator for obtaining, during commu- 
nications, an error between the amount of cor- 
rection and an amount of phase rotation caused 
by said radio receiver, which is obtained by us- 
ing the known signal Included in the received 
signal; 

a renewer for obtaining a new amount of cor- 
rection based on the error and renewing the 
amount of correction with the new amount of 
correction. 

5. A calibration method comprising the steps of: 

calculating an amount of correction with re- 
spect to phase rotation using a known signal 
before commencement of communications; 
obtaining, during communications, a new 
amount of correction based on an error be- 
tween the amount of correction and an amount 
of phase rotation, which Is obtained by using 
the known signal included in a received signal; 
renewing the amount of correction with the new 
amount of correction; and 
carrying out calibration by using the renewed 



amount of correction. 
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